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Opsiphanes inviraea b s t r a c t
Opsiphanes invirae (Lepidopera: Nymphalidae) is a common pest of the African oil palm tree (Elaeis
guineensis) in Brazil. Dead larvae were collected in canopy of oil palm trees cultivated in the amazon
region (Para State) and analyzed for viral infection. Electron microscopy of caterpillar extracts showed
an icosahedral picorna-like virus particle with 30 nm in diameter. Total RNA extracted from partially
purified virus particles was sequenced. A contig of 10,083 nucleotides (nt) was identified and showed
to encode one single predicted polyprotein with 3185 amino acid residues. Phylogenetic analysis showed
that the new virus was closely related to another lepidopteran infective virus Spodoptera exigua iflavirus 1
(SeIV-1), with 35% amino acid pairwise identity. The novel virus fulfils all ICTV requirements for a new
iflavirus species and was named Opsiphanes invirae Iflavirus 1 (OilV-1).
 2015 Elsevier Inc. All rights reserved.1. Introduction
Opsiphanes invirae (Lepidoptera: Nymphalidae) is an important
pest widespread in Brazil (Ferreira, 1998) causing heavy defolia-
tion in palm oil, coconut, and some native palms throughout the
larval stage (Homma et al., 2007). Para is the second largest state
in the country, located in the northern part of Brazil and is the lar-
gest producer of palm oil, with 88.65% of national production
(Informa Economics, 2012). The production of palm oil is distin-
guished by its high profitability, being a source of vegetable oil,
job creation in rural areas and a raw material for biodiesel produc-
tion. However, one of the factors that hampers vegetable oil pro-
ductivity in the Amazon region is the occurrence of insect pest
outbreaks (Abdalla et al., 2008).
Due to restrictions on the use of chemical insecticides in oil
palm tree in Brazil, commercial applications of a Bacillus
thuringiensis-based biological insecticide have been the main con-
trol strategy (Tinôco, 2008). To date, a variety of natural enemies
of O. invirae has been described including insects from the family
Formicidae (e.g. Wasmannia sp.) and Pentatomidae (e.g.
Alcaeorrhynchus grandis). Although a fungus (Paecilomyces sp.)was also found infecting O. invirae, no viruses have been isolated
from this insect (Lemos et al., 2009a, 2009b; Lima et al., 2013;
Ribeiro et al., 2010; Tinôco, 2008).
In 2012, O. invirae larvae was found dead in canopy of African
oil palm trees, originated from Tailandia, Para State, Brazil. Those
insects presented symptoms of viral disease infection such as
brown color or discoloration of both posterior and middle parts
of the body. Aqueous extracts of these dead insects have been
shown to control O. inviridae in oil palm trees (Tinôco, 2008).
Iflaviruses infect exclusively arthropods and so far, to our
knowledge only 24 species have been completely sequenced and
nine recognized by the International Committee for Taxonomy of
Virus (ICTV). Those viruses have been found infecting insects from
the orders Lepidoptera, Hymenoptera, Hemiptera, Diptera, and
Orthoptera (Aizawa et al., 1964). The Iflaviridae is a family of
Group IV positive-sense single stranded RNA viruses. It belongs
to the order Picornavirales and contains a single genus, Iflavirus
(Berman, 2005). Iflavirus forms non-enveloped icosahedral parti-
cles of approximately 30 nm in diameter. The particle contains
one copy of the viral genome, which encodes a unique polyprotein.
The viral coat proteins are located at the N-terminus whereas the
non-structural proteins, involved in replication and polyprotein
processing are present at the C-terminus. The individual position
of each gene is strictly conserved. The translation may initiate at
an internal ribosome entry site (IRES) in the 50 UTR and the
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primarily infects midgut epithelium goblet cells (Inoue and
Ayuzawa, 1972) and in some cases are associated to great eco-
nomic losses in sericulture (Hu et al., 2003) and apiculture
(Ribière et al., 2010). On the other hand, many viruses produce
either covert or even asymptomatic infections under certain condi-
tions (De Miranda and Genersch, 2010).
In this work, we report the ultrastructure, nucleotide sequence,
genome organization, and phylogeny of a novel iflavirus species
isolated from O. invirae dead caterpillars collected in African oil
palm trees in Brazil.
2. Material and methods
2.1. Sample origin
The samples of dead larvae of O. invirae were collected in 2012
found in the canopy of commercial plantations of African oil palm
trees, originated from Tailandia, Para State, Brazil with symptoms
of virus infection.
2.2. Purification and electron microscopy
Larvae were macerated in Phosphate Buffered Saline 1X
(PBS-1X, 137.0 mM NaCl, 2.7 mM KCl, 10.0 mM Na2HPO4, 2.0 mM
KH2PO4, pH 7.4). The homogenate was filtered once through
cheesecloth and centrifuged three times at 4,000g for 10 min
for clarification. The resulted supernatant was centrifuged at
63,000g for 75 min using 5 ml of 20% sucrose cushion in polyal-
lomer ultracentrifuge tubes (Beckman). The pellet was resus-
pended in PBS-1X and prepared for Transmission Electron
Microscopy (TEM) by negative staining as described elsewhere
(Brenner and Horne, 1959) and observed in a JEOL JEM-1010
TEM at 100 kV.Fig. 1. Detection and identification of a picorna-like virus in O. invirae lavae extracts. (A)
O. invirae larvae were collected. (B and C) show O. invirae larvae with possible viral i
The micrograph revealed pircorna-like virus shaped particles in the extracts of dead lar
(For interpretation of the references to colour in this figure legend, the reader is referre2.3. RNA isolation, genome sequencing and analysis
RNA extraction was carried out using 200 ll of the virus sus-
pension from the semi-purification with TRIZOL reagent
(Invitrogen) according to the manufacturer’s instructions. The
RNA quality was evaluated by electrophoresis in agarose gel
(0.8%), stained with 0.01% ethidium bromide, and visualized under
UV light (data not shown). The viral genome and other plant RNA
samples were used to construct cDNA libraries and sequenced
using 2  100 bp read length on the HiSeqTM 2000 platform
(Illumina, San Diego, CA, USA) at Macrogen (South Korea). The
resulting reads (ﬃ2 millions reads) were trimmed (mean size
92 nt) and assembled de novo using CLC Genome Workbench
6.5.2 (CLC bio, Denmark). The assembled contigs were used to
search against the viral RefSeq database using tBLASTx tool
(Altschul et al., 1990). The genome annotation and read mapping
was performed using Geneious 7.1.8 (Kearse et al., 2012).
Approximately fifty thousand reads were mapped to the iflavirus
annotated genome (Mean coverage of 492X). The genome
sequence was submitted to GenBank under the accession number
KR534892.2.4. Phylogenetic analysis
The phylogenetic analysis was conducted using nucleotide
sequence and compared to other viral sequences deposited in
GenBank also using BLAST (Altschul et al., 1990) (Table S1). Only
those hits with e-values of less than 1e-20 were used. Redundant
sequences (identity higher than 90%) were omitted in our analysis.
The MAFFT alignment method (Katoh et al., 2002) was carried out
with the complete polyprotein-coding gene of all iflavirus publicly
available (Table S1). Maximum likelihood (ML) tree was inferred
using PhyML (Guindon et al., 2010) under Tamura-Nei modelBrazil map showing the location of Tailandia City in Para State (green) where dead
nfection symptoms. (D) Electron Micrograph of negatively stained virus particles.
vae. Inset shows putative spherical virus particles of about 25–30 nm in diameter.
d to the web version of this article.)
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branch support was estimated by both Shimodaira-Hasegawa-
like test (Anisimova et al., 2011) and Bootstrap.
3. Results and discussion
In this work, we reported the identification, ultrastructure, and
complete genome sequence of an iflavirus found in O. invirae larval
cadavers from the Amazon region in Northern Brazil. Based on the
complete polyprotein gene, we established the phylogeneticFig. 2. (A) Scheme showing the genome organization of the OiIV-1 (GenBank accession
proteins VP1-VP4 (brown) located at the N-terminal region and the non-structural protei
region (grey). The N-terminal L polypeptide, is present in the OiIV-1 and is not conserve
confirmed for several iflaviruses; (B) Phylogenetic analysis of Opsiphanes invirae Iflavirus
Table S1). The phylogeny was based on the gene nucleotide sequence coding for the pu
under Tamura-Nei model. The branch support was estimated by Shimodaira-Hasegawa-li
iflavirus. The names of iflaviruses and Genbank accession numbers for their genome s
1/NC_016405.1, Millán-Leiva et al., 2012), IfV-1 (Infectious flacherie virus 1/NC_003781,
(Sacbrood virus/NP_049374, Ghosh et al., 1999), LjV (La Jolla virus/NC_027128), HhV (H
honeydew virus 1/AB766259, Murakami et al., 2014), LshV-1 (Laodelphax striatella honey
Murakami et al., 2014), DwV (Deformed wing virus/NC_004830.2, Lanzi et al., 2006), VdV
virus 2/NC_023022, Johansson et al., 2013), ApIV (Antheraea pernyi iflavirus/NC_023483
et al., 2014), TpIV-1 (Thaumetopoea pityocampa iflavirus 1/NC_026250), HeIV (Heliconius
virus 2/NC_021566, Murakami et al., 2014), BbPV-1 (Brevicoryne brassicae picorna-like vi
Miranda and Genersch, 2010), GnV (Graminella nigrifrons virus 1/NC_026733), DcpV (Dino
Wu et al., 2002), EoPV (Ectropis obliqua picorva-like virus/NP_919029, Wang et al., 2
references to colour in this figure legend, the reader is referred to the web version of threlationship to other iflavirus and we concluded that Opsiphanes
invirae Iflavirus 1 (OilV-1) is a new iflavirus species.
In 2012, dead caterpillars from the species O. inviraewere found
in the canopy of African oil palm plants (Fig. 1B and C).
Interestingly, producers of palm oil have empirically used aqueous
solution of those dead insect extracts as an alternative and eco-
nomical biopesticide to control this insect population (Tinôco,
2008). TEM analysis of O. invirae dead larvae extracts showed puta-
tive virus particles of 30 nm that resembled picorna-like viruses
from invertebrates (Fig. 1D).number KR534892). The genomes encodes a single polyprotein with the structural
ns helicase, protease and RNA-dependent RNA polymerase (RdRp) at the C-terminal
d in all iflavirus genomes. The presence of an IRES element at the 50 UTR has been
1 (OiIV-1) with respect to viruses belonging to the family Iflaviridae (see below and
tative polyprotein and was inferred by Maximum Likelihood using PhyML method,
ke test. The OiIV-1 was most closely related to SeIV-1, another lepidopteran-isolated
equences used for the phylogeny analysis are: SeIV-1 (Spodoptera exigua Iflavirus
Isawa et al., 1998), LlV-1 (Lygus lineolaris virus 1/AEL30247, Perera et al., 2012), SV
alyomorpha halys virus/NC_022611, Sparks et al., 2013), NlhV-1 (Nilaparvata lugens
dew virus 1/NC_023627), NlhV-3 (Nilaparvata lugens honeydew virus 3/NC_021567,
-1 (Varroa destructor virus-1/YP_145791, Ongus et al., 2004), FeV-2 (Formica exsecta
, Geng et al., 2014), LdIV-1 (Lymantria dispar iflavirus 1/NC_024497, Carrillo-Tripp
erato iflavirus/NC_024016, Smith et al., 2014), NlhV-2 (Nilaparvata lugens honeydew
rus 1/YP_001285409, Ryabov, 2007), SbpV (Slow bee paralysis virus/NC_014137, De
campus coccinellae paralysis virus 1/NC_025835), PnV (Perina nuda virus/AAL06289,
004), SeIV-2 (Spodoptera exigua Iflavirus-2/NC_023676. (For interpretation of the
is article.)
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extracts was detected by TEM and since this technique is not able
to differentiate between morphologically similar picorna-like
viruses, we were unable to affirm whether the infection contained
a mixture of virus types. Co-infection events by different insect
viruses and other pathogens is very common in field populations
of different insects (Tanada and Kaya, 2012; Wang et al., 1998,
2004). This may occur during iflavirus infection (van Oers, 2010),
which is often observed associated with other virus species, e.g.
densovirus (Tanada and Kaya, 2012).
In order to identify the putative picorna-like virus or other
viruses infecting O. invirae, total RNA from semi-purified viral par-
ticles was extracted and sequenced. The sequencing analysis
resulted in one contig of 10,083 nucleotides, with a single Open
Reading Frame (ORF) of 9558 nt encoding one predicted polypro-
tein and a putative internal ribosome entry site (IRES). We were
able to identify by alignment several proteolytically-produced
structural (L and VP1–VP4) (Fig. 2A) and non-structural proteins
such as helicase (Hel), protease (Pro) and RNA-dependent RNA
polymerase (RdRp). Moreover, the virus genome organization
clearly resembled other members of the family Iflaviridae (van
Oers, 2010), including the N-terminal L polypeptide that is present
in most of the iflaviruses but have not been observed in other
members of Picornavirales (Fig. 2A). Therefore, we concluded that
an iflavirus could be the potential etiologic agent causing O. invirae
death, although we are not able to discard the presence of other
disease-causing pathogens not detected by the sequencing
technique.
We also compared the genome sequence of this novel virus to
other iflavirus. Primarily, we confirmed by phylogenetic analysis
that iflaviruses do not form a single clade according to the
insect-infected order (Fig. 2B). These results suggest that ifla-
viruses did not follow the same evolutionary path as their insect
hosts at order level. This is in contrast to other insect viruses such
as baculoviruses, where a much more evident co-evolution
between host and virus is observed (Herniou and Jehle, 2007).
Secondly, the phylogenetic analysis confirmed that the new virus
(called here Opsiphanes invirae Iflavirus 1, OiIV-1) is closely related
to Spodoptera exigua iflavirus 1 (SeIV-1), another lepidopteran-
infective virus, suggesting a common ancestry. These viruses
showed 35% of amino acid pairwise identity of the polyprotein
by the MAFFT alignment method (Table S1). According to the
International Committee on Taxonomy of Viruses (ICTV), iflavirus
presents two demarcation criteria for new species recognition into
the genus: (1) natural host range and (2) sequence identity at the
amino acid level between the capside proteins under 90% (Chen
et al., 2012; Kuhn and Jahrling, 2010). Therefore, we concluded that
OiIV-1 fulfils all ICTV requirements for a new iflavirus species.
The increasing restrictions on the use of chemical insecticides
worldwide are the driving force favoring the search for new and
efficient methods for the control of insect pests such as the ones
based on natural insect pathogens. For instance, baculoviruses
are the unique insect virus used in a worldwide large scale to
control lepidopteran insect pests (Moscardi, 1999). Therefore, the
discovery and genomic study of new insect viruses, such as the ifla-
virus described in this work, could lead to the development of new
viral insecticides4. Conclusion
A new iflavirus (named Opsiphanes invirae Iflavirus1, OilV-1)
was identified in cadavers of O. invirae (Lepidopera:
Nymphalidae) larvae found in commercial plantations of African
oil palm tree (Elaeis guineensis) in Brazil. This new virus showed
an icosahedral picorna-like virus particle with 30 nm in diameter.Its RNA genome was sequenced and showed to encode one single
predicted polyprotein. Phylogenetic analysis showed that the
new virus was closely related to another lepidopteran-infective
iflavirus, Spodoptera exigua iflavirus 1 (SeIV-1). Further studies on
this new iflavirus could lead to the development of a new biologi-
cal control agent for this important pest of oil Palm trees.Acknowledgments
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